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Description 

Method and Ap paratus for m onitoring a technic al install ation, _ 
^specially for carrying o ut diacrnosis 

The invention relates to a method respectively apparatus for 
monitoring a technical installation. 

Another object of the present invention is to provide a 
qualitative and/or quantitative assessment respectively diag- 
nosis of a technical installation, especially of a power 
plant including turbines and/or generators. 

• 

Known methods of monitoring a plant include maintenance per- 
sonnel walking around the plant for assessment purposes based 
on human observations. 

Experienced maintenance staff may detect deviations from nor- 
mal operating conditions such as unusually loud pumps and 
drives or unusual vibrations of a plant component and report 
those observations. 

But usually those observations are not stored for future ref- 
erence and therefore no long term trend analysis can be ap- 
plied. 

Furthermore slight deviations cannot be tracked and changes 
in maintenance staff may lead to conclusion failures since 
observations of different persons are usually not compared to 
each other or transferred towards a 'neutral" observation, or 
are simply not comparable and/or transferable. 

• 

It is therefore an object of the present invention to provide 
an advanced method respectively apparatus for monitoring a 
technical, installation including human observations. 

This and other objects are solved by a method respectively 
apparatus as laid down in the independent claims. Preferred 
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embodiments are subject to the corresponding dependent 
claims . 

The invention includes utilizing human skills and psychology. 

For example, the galvanic skin reflex or other physiological 
reactions can be used to determine the state of a maintenance 
worker when observing a plant component. 

' Even if he is not aware of a potential failure of a plant 
L0 component, even slight deviations from a former operating 

situation of said component may nevertheless be sensed by him 
unwillingly and cause a physiological reaction such as a 
change in blood pressure, pulse rate, galvanic skin reflex, 
breathing pattern, cardiovascular activity etc. without being 
15 aware that a failure might be in progress. 

An instrument such as a polygraph ('lie detector" ) and its 
related sensors can advantageously be used to acquire and 
store at least part of a.m. human physiological reactions 
20 during an inspection tour around the plant. 

To avoid wrong conclusions based on acquired and/or' stored 
human physiological reactions, the person performing the in- 
spection tour should be Calibrated" before performing the 
inspection tour, because there are factors effecting e.g. the 
heartbeat such as emotion, exercise, hormones, temperature, 
pain and stress. Furthermore the normal number of pulse beats 
per minute in the average adult varies from 60 to 80, with 
fluctuation occurring with exercise, injury, illness, and 
emotional reactions. So, in a preferred embodiment of the in- 
vention, the 'normal state" of said person is acquired and 
stored before said inspection tour as a reference basis. 

The acquisition of human physiological reactions may include 
35 voluntary and/or involuntary reactions of the nervous system 
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The somatic nervous system is also the voluntary nervous sys- 
tem because its motor functions may be consciously con- 
trolled. It includes ' somatic motor nerve cells, which carry 
impulses from the CNS to the skeletal muscles. The impulses 
5 . carried by the somatic motor nerves produce contractions of 
the skeletal muscles. Muscle contractions that are brought 
about by the somatic nervous system may be reflex responses; 
those may not be consciously controlled. 

* 

0 The autonomic nervous system - or involuntary nervous system 
- in contrast to the somatic nervous system, is composed of 
visceral motor nerve cells, which transmit impulses to smooth 
• muscles, cardiac muscle, and glands. Visceral motor impulses 
generally cannot be consciously controlled. 

.5 

The autonomic nervous system may be subdivided functionally 
into sympathetic and parasympathetic divisions which are ac- 
tually overlapping divisions. 

20 Generally the parasympathetic nervous system is responsible 
for regulating the body during periods of low stress, un- 
eventful times, times of calm and relaxation. 
While the parasympathetic nervous system decreases heart rate 
and promotes digestive functions, the sympathetic nervous 

25 system takes charge during times of high stress. The sympa- 
thetic nervous system increases heart, and breathing rates. 
It helps us respond when we are called upon to perform a 
physical feat such as running to get away from something 
threatening us or standing and confronting a threat to our 

30 welfare, or well being. Many times people refer to this reac- 
tion as "fight or flight". 

Physiological changes caused by any of the a.m. nervous sys- 
tems can be monitored by physiological recording devices such 
35 as a polygraph, an instrument equipped with sensors, which, 
when attached to the body, can pick up subtle physiological 
changes. 
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These fluctuations, in the form of electrical impulses, are 
amplified within the polygraph and may activate pens that 
then record the changes on a continuously moving roll of pa- 
per. 

5 • « 

When sensors are attached to the scalp, the result is an EEG, 

electroencephalogram. When the sensor measures changes in the 
electrical resistance to the skin, the result is a reading of 
galvanic skin response (GSR) . 
10 When the sensor is used to pick up subtle changes in the 

electrical activity of muscles, the result is an electromyo- 
gram (EMG) . 

A polygraph can also measure a number of other physiological 
15 responses such as heart rate and blood pressure and produce 
recordings of physiological phenomena such as breathing, gal- 
• vanic skin resistance and cardio tracing that may be used as 
the basis for the application of a reliable technique for di- 
agnosing the operational . state of a plant component 

A standard polygraph can be used for recording changes in 
blood pressure, pulse rate, pulse strength, galvanic skin re- 
flex (sweat gland activity), and upper and lower breathing 
- patterns. It does not matter if the subject is "nervous" dur- 
25 ing the testing process. The polygraph records significant 
changes from the subject's "normal state". 

Furthermore, a polygraph is suitable for recording changes in 
a person's Sympathetic Nervous System, part of the Autonomic 
30 Nervous System, which operates independently of conscious 
thought . 

For example, the lungs and heart continue to operate even 
when you are asleep -"you don't have to think about it. 
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These systems can be consciously controlled only very 
slightly. 
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Summing up the invention, it is stated that it utilises human 
perception, similar to a polygraph (lie detector) . 

5 Maintenance staff performing inspection tours may be equipped 
with a head-mounted (e.g. digital) camera to record their 
sight and changes in direction of .sight. 

Simultaneously, neuritic currents, changes in blood pressure, 
0 pulse rate, pulse strength, galvanic skin reflex (e.g. sweat 
gland activity) upper and lower breathing patterns etc. may 
be recorded. 

Thus the five human senses can be employed. Notes can be 
.5 added manually (e.g. via PDA, hand held PC etc.). 

The results can be stored, e.g. in a database, and be used 
for trending and plant assessment purposes. 

0 The analysis of human perception and sight reveals the condi- 
tion of any particular plant equipment / plant component, 
e.g. pumps, engines, turbines, generators and so on. 
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Example : 

No unusual observations were made, e.g. by plant walkers / 
plant workers for months. 

However, one day a belt drive between an electric motor and a 
pump is louder than usual. The reason for this may be that 
. one of three belts is slightly loose. 

After a brief check, the worker realises that there is no ur- 
gent need to tighten or change the belt. 

35 However, on subsequent tours, the workers' perception con- 
cerning the belt drive will yield the condition of the belt 
drive, e.g. how long is the belt drive observed on subsequent 
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tours, level of change in human perception while observing 
the belt drive, and so on. 

In general, the five human senses may be efficiently utilised 
for plant assessment. 

Human senses are very sensitive and can not yet be reproduced 
and/or simulated i.e. by a computer and appropriate software. 

However, objective assessment from human observation is usu- 
ally hard to obtain; to overcome that problem the invention 
neatly combines human sensing with objective recording to a 
powerful plant assessment tool. 



